The chemical composition and anticandidal properties of the essential oil of Moroccan Cotula cinerea aerial parts have been examined. GC-MS data were used to identify 24 constituents. Oxygenated monoterpenes constituted the main fraction with trans-thujone (41.4%), cis-verbenyl acetate (24.7%), 1,8-cineole (8.2%) and camphor (5.5%) as the major components. The anticandidal activity of the essential oil was evaluated using a panel of human pathogenic fungi (Candida albicans CCMM L4 and CCMM L5, C. krusei CCMM L10, C. glabrata CCMM L7 and C. parapsilosis CCMM L18). The oil showed high anticandidal activity against all investigated strains with minimal inhibitory concentrations of 3.2 to 4.7 mg/mL depending on the tested yeast and 5.9 mg/mL as a minimal candidicidal concentration value. These findings add significant information to the pharmacological activity of Cotula cinerea essential oil, which may present a good alternative to antibiotics for the treatment of resistant strains of Candida.
Among the different HIV-associated fungal infections, oral mucosal lesions caused by Candida species are by far the most frequent manifestation [1] . The therapeutic approach to such infections is facing a number of problems including resistance to antifungal agents, drug toxicity, high costs of antifungal agents and relapse of infections [2] . Therefore, there is a critical need for new antifungal agents that could overcome these disadvantages. Aromatic plants are frequently used in traditional medicine as antimicrobial agents and their essential oils are known to possess antifungal activity [3] .
Within a programme to promote Moroccan medicinal plants, we have been interested in Cotula cinerea Del. (synonym = Brocchia cinerea (Del.) Vis), called locally as "al-gertoufa" (Asteraceae), a plant used in Moroccan folk medicine as a stomachic and antiseptic, and against gastrointestinal problems [4] . There have been several pharmacological studies that have examined the analgesic [5] , antiprotozoal [6] , and antibacterial activities [7] of some C. cinerea extracts. Phytochemical analysis of Egyptian C. cinerea revealed the presence of spiroketal enolether polyines [8, 9] , and coumarins linked with sesquiterpenes [8] , as well as several sesquiterpene lactones [9] and some flavonoids [10] . To the best of our knowledge no information is available on the chemical composition of the essential oil of Moroccan C. cinerea, nor on its antimicrobial activity. The aim of this work was to investigate the chemical composition and to evaluate the in vitro anticandidal activities of the essential oil from aerial parts of C. cinerea grown in Morocco.
Hydrodistillation of the dried aerial parts of C. cinerea gave a pale yellow oil (yield 0.87%, v/w) with a characteristic pleasant odor. This yield was higher than those reported for C. cinerea from Egypt [11] . GC-MS analysis of the essential oil resulted in the identification of 24 components, representing 97.3% of the total oil. The oil was characterized by the presence of a high content of oxygenated monoterpenes (81.9%) and monoterpene hydrocarbons (14.7%), while sesquiterpene hydrocarbons were found in negligible quantities (0.5%). As shown in Note: a Compounds listed in order of elution; b RI (retention indices) measured relative to n-alkanes (C-9 to C-24) on the non polar DB-5 column followed by cis-verbenyl acetate (24.7%), 1,8-cineole (8.2%), santolina triene (7.2%) and camphor (5.5%). Several of the compounds reported in this study were found in C. cinerea from Egypt [11] and in some species belonging to the tribe Anthemideae, including Tanacetum vulgare, T. turcomanicum and T. canescens [12, 13] . This result confirms the phytochemical relationships between Cotula and typical Anthemideae genera such as Tanacetum species reported by Metwally et al. [14] . However, the percentage of compounds in our C. cinerea oil differed substantially from that reported in C. cinerea collected in Egypt, in which camphor (50%) and trans-thujone (14.4%) were the main oil compounds [11] . These qualitative and quantitative differences could be attributed to many factors such as geographical origin, genetic diversity within the species and/or the state of the material used. In fact, the oil studied in this work was obtained from dry material, while Fournier et al. [11] used fresh material. The substantial amounts of trans-thujone and cis-verbenyl acetate were found for the first time in this species. This dissimilarity may indicate that several chemotypes exist within this species.
The essential oil exhibited strong activity against all the tested yeasts (Table 2) , with the inhibition zones against the tested Candida species ranging from 19.3 to 25.3 mm and with MIC values ranging from 3.2 to 4.7 mg/mL. The results showed that all the MMC values were less than two fold greater than the MIC values, confirming the greater candidicidal effects of the C. cinerea essential oil. The MIC values for fluconazol acquired in our study are higher in comparison with previous work [15] , which reported values ranging from 3 to 6 µg/mL for C. albicans, 2.5 to 4 µg/mL for C. glabrata and 5 to 7.5 µg/mL for C. parapsilosis. To the best of our knowledge, the anticandidal activity of C. cinerea essential oil has not been reported before. Based on these results, it can be concluded that this essential oil has strong, broad spectrum anticandidal activity. Similarly, previous publications have shown antimicrobial activity of essential oils rich in transthujone [16] . Moreover, 1,8-cineole and camphor, which were found in appreciable amounts in the oil of this study, have demonstrated a synergistic property against Candida albicans [17] . The essential oil evaluated in this work has a great variety of constituents that could be considered as responsible for the antimicrobial activity. Although, essential oils usually occur as complex mixtures, their activity can generally be accounted for in terms of their major monoterpenoid components [18] . However, the synergistic action of other minor constituents cannot be disregarded. were diluted with n-hexane (1000 µL). The injection volume was 2.0 µL, the split ratio was 1:200 and the injector temperature was 260°C. Identification of the individual components was based on; (i) comparison with the mass spectra of authentic reference compounds, where possible, and by reference to WILEY275, NBS75K, and Adams terpene library [19] : (ii) comparison of their retention indices (RI) on a DB5 column (apolar, 5% phenyl polysilphenylene-siloxane), calculated relative to the retention times of a series of C-9 to C-24 n-alkanes, with linear interpolation, with those of authentic compounds, and literature data. For semi-quantification purposes, the normalized peak area of each compound was used without any correction factors to establish abundances. RI and peak area percentages were calculated as mean values of 3 injections.
Experimental

Anticandidal assay:
The following fungal strains from the Moroccan co-ordinated collection of microorganisms were used to test the antifungal properties of C. cinerea essential oil: Candida albicans CCMM L 4 and CCMM L 5 , C. krusei CCMM L 10 , C. glabrata CCMM L 7 and C. parapsilosis CCMM L 18 . The agar disc diffusion method was employed for the determination of anticandidal activities of the essential oils [20] . Briefly, a suspension of the tested fungus in log phase (0.1 mL) was spread on Sabouraud dextrose agar. Filter paper discs (6 mm in diameter) were impregnated with 10 µL of essential oil and placed on the inoculated plates and, after 2 h at 4°C, they were incubated at 25°C for 48 h. The diameters of the inhibition zones were measured in mm. Fluconazol (40 µg/disc) was used as standard. All the tests were performed in triplicate. The essential oils that previously showed anticandidal activity were screened for the minimum inhibition concentration (MIC) and the minimum candidicidal concentration (MCC) by a micro-dilution broth method. The tests were performed in Sabouraud dextrose broth supplemented with dimethylsulfoxide (DMSO) to a final concentration of 4% (v/v). Recent culture, in log phase, of the tested microorganism was used to prepare the cell suspension adjusted to 1-2×10 3 cells/mL. The test tubes were incubated at 25°C for 48 h. The MIC was defined as the lowest concentration of the essential oil able to inhibit Candida growth. The microorganism growth was indicated by the turbidity. To determine MCC, broth was taken from each well and incubated in Sabouraud Dextrose agar at 25°C, for 48 h. The MCC was defined as the lowest concentration of the essential oil at which no growth was detectable. Each test was performed in triplicate. Fluconazol served as a positive control.
